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Fig. 1. Temporal evolutions of the typical pellet injection
discharge: (a) Plasma current Iy; (b) loop voltage Vigp;
(c) longitudinal magnetic field By; (d) Ohmic current Iop;
(e) vertical field coil current Iy ; (f) horizontal field coil cur-

rent Ir; (g) average line electron density 7.
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Fig. 2. Performance parameters: (a) The Poloidal B, and
energy confinement time 7g; (b) ion temperature 7; and
thermal radiation intensity Iy ; (c) electron thermal diffus-
ivity xe, where the shaded area represents the time period
of the three pellet injections.
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Fig. 3. Soft X-ray intensity diagram of different channels,
where the curves from top to bottom correspond to r = 2.5 |
7.3, 12 and 6.3 cm.
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Fig. 4. Discharge configuration diagram.
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current (c) profiles at ¢ = 702,713, 782 and 902 ms.
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Fig. 7. Kinetic profiles at ¢ = 702 and 713 ms: (a), (b) Elec-
tron temperature; (c), (d) electron density; (e), (f) ¢ pro-
files; (g), (h) average current density (j¢) profile.
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the symbols “0” in panel (b) represent the measured ¢ values.
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Fig. 10. Stable equilibrium deeply inverted ¢ profile and av-

erage current density (j:) for the stable equilibrium recon-
structed by EFIT.
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Hollow current and reversed magnetic shear configurations in
pellet injection discharges on Huanliugi 2A tokamak”
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Abstract

The tokamak with weak or negative magnetic shear and internal transport barrier (ITB) is considered to be
the most promising approach to improving fusion performance. The hollow current density profile, as well as the
reversed ¢ profile (negative magnetic shear), is one of the key conditions for improving core confinement in
advanced tokamak schemes. In the Huanliugi 2A (HL-2A) experiment, a hollow current distribution with a
discharge duration of about 100 ms is successfully achieved by injecting the pellets in the Ohmic discharge. The
discharge is characteristic of circular equilibrium configuration and three frozen pellets are injected continuously
at three different time moments. As a result, the hollow current profiles are formed in the plasma with weak
hollow electron temperature in the core region. At the same time, the hollow currents are combined with the
reversed magnetic shear profiles. Because the power of Ohmic heating is not so high and there is no external
auxiliary heating, we can see only a trend of the formation of weak internal transport barrier in the stable
hollow current discharge stage. However, the electron thermal diffusivity decreases significantly after the pellets
have been injected. The deep injection of frozen pellets improves the energy confinement. The enhancement of
plasma performance is due to the peaked electron density profile in the center, caused by pellet injection and
the negative magnetic shear in the plasma center. It is concluded that the electron density profile peaked highly
in the core plasma, caused by pellet injection, is beneficial to the improvement of particle confinement and plays
an important role in enhancing the energy confinement. In addition, it is also demonstrated that, in general,
during a hollow current discharge, the poloidal beta 3, value and normalized beta Sy value are both obviously
low although the reversed magnetic shear is conducive to stabilizing ballooning modes and weakening the drift
instabilities. However, comparing with the hollow current profile, the plasma with peaked current profile is very
beneficial to the improvement of beta limit. In order to improve the Ay limit, a conductive wall is necessary to
be placed near the plasma boundary. The results of HL-2A pellet injection experiments present a possibility of
obtaining high parameter discharge on a limiter tokamak.

Keywords: pellet injection, hollow current, reversed magnetic shear, internal transport barrier
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